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Introduction
Worldwide, approximately one million people commit suicide every year (WHO, 2003) . Over 50% of these occur in the age group 15-44 years (Krug et al, 2002) and suicide is, next to accidents, the most common cause of death among young people (under 24 years) in many European countries (Jamison & Hawton, 2005) . A number of countries have initiated national suicide prevention strategies. A few countries (Finland, Norway and Sweden) did so already in the 1990s, whereas others have done so more recently (Beautrais, 2006; Taylor et al, 1997) .
These national strategies are often developed in the absence of clear international leadership and guidelines (Beautrais, 2006) and despite knowledge deficits about the effectiveness of key components (Beautrais, 2006; Mann et al, 2005) . So far very few national suicide prevention strategies have, however, been evaluated with the purpose of providing guidelines for optimal development and implementation of such plans (Beautrais, 2006) . Hence, there is a need for evaluation of national suicide prevention strategies to guide development or revision of national suicide prevention strategies in other countries. Yet, the question remains how to evaluate national suicide prevention programmes (Kerkhof & Clark, 1998) . The general decrease in suicide rates in a number of western countries, irrespective of implementation of national suicide prevention strategies or not (DeLeo, 2002) points to the difficulties of attributing a decrease in national suicide rates to a national prevention strategy.
In Norway a national action plan to prevent suicide was proposed in 1993 (Norwegian Health Directorate, 1993) and initiated in 1994, and the suicide rates have been fairly stable since then. The action plan was primarily aimed at providing better services for groups with high risk of suicidal behaviour, and particularly so patients who had been in contact with the health services after intentional self-harm (Mehlum & Reinholdt, 2001) . It is well established that attempted suicide is a significant risk factor for suicide (Goldney, 2000) . However, adequate follow-up of these patients could reduce the risk of subsequent repeated intentional self-harm and suicide attempts and rapid re-hospitalisation, according to promising results from monitoring studies (Dieserud et al, 2000) and clinical studies (Greenfield et al, 2002) .
Emergency care units at hospitals in Norway have traditionally used very limited resources on the clinical follow-up of patients after intentional self-harm (Mehlum & Reinholdt, 2001 ). On this background substantial efforts and funding were invested to establish a chain of care in the psychosocial follow-up of intentional self-harm patients after hospital discharge (Mork et al, 2001 ). Guidelines were made defining and describing what tasks each part of the chain was expected to fulfil (Mehlum & Reinholdt, 2001) . These guidelines were implemented in about half of all general hospitals in Norway by the end of the 1990s, covering 55% of the total population (Mork et al, 2001 ).
Even though the implementation of a chain of care for follow-up of a high risk group may have the potential of reducing the individual risk of subsequent suicide within this risk group, it may not necessarily have effect on the overall national suicide rates or even on the suicide rates in the regions where the chain of care was implemented. There are several reasons for this. Firstly, even in a high risk group such as suicide attempters, only a minor fraction will eventually commit suicide (Cooper et al, 2005; DeMore & Robertson, 1996; Hall, et al, 1998; Hawton et al, 2003; Zahl & Hawton, 2004) . Secondly, among those who do commit suicide, only a fraction will have had previous suicide attempts that have been treated in hospitals (Goldney, 2000; Rossow et al, 1999) . The question then is not only whether such an intervention had a significant impact on overall suicide rates, but also whether -or to what extent -this intervention had the potential to affect the suicide rates.
The potential of national prevention strategies to affect the suicide rates is to some extent addressed in the literature (Goldney, 2000) . Gunnell and Frankel (1994) reviewed the literature on suicide prevention strategies and found little support for the aspiration of a 15% reduction in suicide rates in UK (by the year 2000) could be achieved on the basis of current knowledge and policy. A review of the effectiveness of suicide prevention strategies (Mann et al, 2005) suggests that although a number of strategies may prove effective in terms of reductions of suicide attempt rates and/or suicide rates within specific areas or target groups, it seems mainly to be restrictions of access to suicide means that have a significant impact on suicide rates in the total population. The authors further noted that a chain of care after suicide attempt may improve compliance with treatment and decrease new attempts. Essential elements of post-suicide attempt interventions are yet to be identified, and there are no estimates of the impact of chain of care on total suicide rates (Mann et al, 2005) .
The aim of this study was to assess the potential of effects of chains of care for patients with intentional self-harm on reducing suicide rates by addressing two questions;
Firstly, can we observe differences in relative changes in suicide rates in areas with and without implementation of routines for chains of care for patients with intentional self-harm?
Secondly, what effects of chains of care on suicide rates can theoretically be expected under various conditions?
Data and methods
The empirical analyses are based on aggregated figures from the Norwegian Cause of Death Registry, and Official Population Statistics from Statistics Norway. All Norwegian municipalities (430) were grouped in two aggregated areas. One for municipalities covered by general hospitals that reported to have implemented chains of care in a 1999 survey (Mork et al, 2001 ). The other group comprised hospital areas without chains of care. There were missing data from four general hospitals; hence the municipalities covered by these four hospitals were excluded from the analyses. For the remaining municipalities data on agestandardized (world standard) gender specific suicide rates were calculated on an annual basis for the years 1973-2002 and aggregated to hospital areas with and without chains of care. The empirical analyses are based on five-year age groups (≤14, 15-19, ..., 75-79, 80 +) and categorization of four time intervals in the latter half of the time series; two five-year periods prior to implementation of chains of care (1982-1987 and 1988-1992) , the five-year period of implementation of chains of care (1993) (1994) (1995) (1996) (1997) and the five-year period following implementation of chains of care (1998) (1999) (2000) (2001) (2002) . Relative changes in gender specific suicide rates from the pre-implementation period (1988) (1989) (1990) (1991) (1992) to the implementation period (1993) (1994) (1995) (1996) (1997) and to the post-implementation period (1998) (1999) (2000) (2001) (2002) , respectively, were compared between intervention and non-intervention regions by estimating Poisson regression models (Clayton & Schifflers, 1987) .
Estimates of the potential effect of implementing chains of care on suicide rates were based on the following assumptions. First, figures of intentional self-harm were estimated indirectly because morbidity data on external cause of injuries and poisoning from general hospitals in Norway has poor quality. We used figures from a study that roughly indicates 4,300 intentional self-harms treated in hospitals in Norway on an annual basis (Kopjar et al, 2005) , and the national rates correspond fairly well with reported rates of parasuicide/attempted suicide in Mid part of Norway (Hjelmeland, 2001; Bjerke et al, 1995) .
Second, we assumed that as hospitals that have implemented a chain of care cover 55% of the Norwegian general population, this proportion also applies to the target population for the intervention. Third, follow-up studies from the Nordic countries in areas without chains of care, suggest that the risk of suicide among intentional self-harm patients is in the range of 3-6% over a five year observation period, and the suicide risk is highest in the 12 month period following intentional self-harm (Hjelmeland & Bjerke, 1996; Hjelmeland, 1996; Nordentoft et al, 1993; Ostamo & Lönnqvist, 2001; Skogman, 2004; Nordström et al, 1995) .
We therefore assumed that the average risk of suicide among patients hospitalized with intentional self-harm is approximately 1.5% in the first year after hospital admission, and that the risk is approximately 4.5% over the entire 5 year period after hospital admission under non-intervention or 'treatment as usual' conditions. Few studies have addressed the effectiveness of chains of care on the risk of subsequent completed suicide. Dieserud et al (2000) found in a study from one Norwegian region where chains of care were implemented, that 2.4% of the intentional self-harm patients committed suicide over an average follow-up period of approximately six years 1 . On this background we assumed that a probable effectiveness of chains of care on suicides would likely be less than a 50% reduction in risk of subsequent suicide over a five year period. When implementing prevention strategies on a broad basis and in many and diverse institutions, it is also likely that not all patients in the target group are reached by the intervention. Dieserud et al's study (2000) comprised data from an intervention in one fairly small region with one hospital, yet 88% of the target patients were referred to aftercare. It is therefore likely that implementation of chains of care in communities which comprise several municipalities implies a more complex organization of chains of care so that only a fraction of the target group is not reached by the intervention.
Expected immediate (1 year) change in the number of suicides will therefore depend on both the assumed reduction in suicide risk among exposed individuals as well as the fraction of the target group that is actually exposed to the intervention, i.e.;
where CS is the change in number of suicides, sai is the annual number of suicide attempts in intervention area, sr 1 is the suicide risk in the 1 st year after hospital discharge, rr is the assumed relative reduction in suicide risk due to the intervention, and ct is the coverage rate of the target group by the intervention program.
Attempting to project accumulated reductions in number of suicides over years required some additional assumptions. A significant fraction of patients repeat suicide attempts once or several times over an observation period (Hawton et al, 1998) , and the number of persons attempting suicide constitute some 70% of the number of hospital admissions for suicide attempt (Dieserud et al, 2000) . In the case of a lasting effect the accumulated change in number of suicides will in the exposed group be a function of different annual risks of suicide after hospital discharge. We have assumed a 1.5% risk of suicide in the first year after hospital discharge and thereafter an annual suicide risk of 0.75%, adding to a total of 4.5% over a five year period. This implies that if we assume a lasting effect of the intervention over five years for each individual exposed, irrespective of repeated attempts and repeated intervention exposure, and furthermore that the program has been implemented for at least five years, the expected reduction in number of suicides will be CS= -[5 * sai * 0.7 * asr * rr * ct];
where asr is the accumulated suicide risk over the five year period after hospital discharge (i.e. 4.5%).
In our experience, only a minor fraction of intentional self-harm patients receive follow-up treatment or care for more than a year after discharge from their index hospitalisation. We could therefore alternatively assume that an effect of after care is limited to a reduction in suicide risk only at the time of intervention exposure and thus the first year after hospital discharge. If we also assume that the suicide risk thereafter is the same for exposed and unexposed persons, the expected reduction in number of suicides over a five year period will be CS= -[5 * sai * 0.7 * sr 1 * rr * ct].
Hence, estimates of expected reductions in suicides are presented for 27 (3 by 3 by 3) possible scenarios; immediate (1 year) change, accumulated change over 5 years given stable and lasting effects or accumulated change over 5 years given only immediate (1 year) effects; a 30%, 20% or 10% reduction in suicide risk due to the intervention; and 100%, 75% or 50% coverage of the target group by the intervention.
Results
Both male and female suicide rates decreased significantly from 1988 to 1994, after which the suicide rates have been fairly stable ( Figure 1 ). The change in suicide rates was, however, not larger in areas with implementation of chains of care compared to areas without such implementation. When comparing relative changes in suicide rates between areas with implementation of chains of care and areas without, these relative changes were of the same magnitude for both male and female suicide rates. Thus, no statistically significant differences in changes were found, neither for the change from the pre-implementation (1988) (1989) (1990) (1991) (1992) to the implementation (1993) (1994) (1995) (1996) (1997) period, nor for the change from the pre-implementation to the post-implementation (1998) (1999) (2000) (2001) (2002) period (Table 1) . As intentional self-harm is more frequent in the younger age groups, it could be hypothesised that a possible effect would appear among young people. Analyses of changes in suicide rates in the age group 15-29 years showed, however, no differences in changes between areas with implementation of chains of care and areas without such implementation. 
Discussion
In the period 1994 to 2002 the suicide rate in Norway was approximately 25% lower compared to the rate in the late 1980s (Gjertsen, 2003; Gjertsen, 2005) . If the implementation of chains of care, -as part of the national strategy for suicide prevention -had had an impact on completed suicides, we could have expected a relative decline in suicide rates in the intervention areas compared to the non-intervention areas. Such a difference was not observed.
However, one cannot infer from this result that implementation of chains of care for patients with intentional self-harm had no effect on the suicide rates. There are several reasons for this. It is possible that other factors that may increase suicide rates have occurred in the same period and the same areas as the implementation of chains of care and thereby countered a possible effect of the intervention. It is also possible that implementation of chains of care has differed significantly over time from what was surveyed in 1999, so that the categorization of intervention area and non-intervention area would be a poor indicator of exposure to intervention. Moreover, it is likely that the content of the intervention (for instance how, by whom and for how long the patients were followed up) varied significantly, both within the intervention area as well as over time.
Consequently, the empirical analyses of possible differential changes in suicide rates in areas with and without implementation of chain of care first and foremost serve to illustrate a number of the difficulties encountered when evaluating possible impact of a national suicide prevention strategy on suicide rates.
Turning to the scenarios of expected changes in suicide rates under various conditions for effectiveness and coverage of target groups, we found, however, that even under unrealistically favourable conditions, the expected changes in suicide rates were quite small.
For instance, even in the case of a 100% coverage rate of the target group within the intervention area; a 30% reduction rate in suicide risk among exposed individuals and a stable and lasting intervention effect over five years, this would still only imply an accumulated 4.1% reduction in average suicide rates over a five year period. The scenarios of expected changes in suicide rates due to the intervention are therefore in line with the empirical observations and suggest that the effect of chains of care on rates of completed suicide is at best very small. This is in line with earlier works on the rather limited potential of high risk strategies to have significant impact at the general population level on rare events of complex aetiology such as suicide (DeLeo, 2002; Gunnell & Frankel, 1994 ). Yet, there are examples of decreases in suicide rates that may be attributed to policy measures or prevention strategies (Mann et al, 2005) . For instance, restrictions of lethal means such as the domestic gas detoxification in England and Wales may reduce suicide rates (Kreitman, 1976) , as did the restrictions on pesticides in Western Samoa (Bowles, 1995) . Moreover, a huge increase in alcohol taxation in Denmark in 1917 was followed by a significant decrease in alcohol consumption and a 19% decrease in suicide rates (Skog, 1993) . Correspondingly, Gorbatchev's anti-alcohol campaign in the mid 1980s implied a significant net reduction in alcohol consumption and alcohol related mortality and a 39% reduction in suicide rates (Wasserman et al, 1998; Nemtsov, 2003) . Nevertheless, the present study may still serve as a reminder of the necessity of exhibiting due cautiousness when attributing decreases in population suicide rates to possible effects of prevention strategies targeted at high risk groups.
Some aspects of the preventive paradox 2 are relevant in this respect. Rose (1985) noted that "a large number of people at a small risk may give rise to more cases of disease than the small number who are at high risk. This situation seems to be common, and it limits the utility of the 'high-risk' approach to prevention". In the case of suicide we also find that although intentional self-harm leading to hospital admission is a significant risk factor for subsequent suicide, the majority of cases of suicide do not appear to occur among individuals in this high risk group. A 25 year follow-up study of Swedish conscripts (Rossow et al, 1999) showed that only 19 % of those who committed suicide during the observation period had ever been admitted to hospital due to intentional self-harm. In line with Rose's notion (1985) the present study illustrates the limited potential of a high risk strategy to have a significant effect on suicide rates at the population level. In a similar vein Knox et al (2004) discussed the potential of population strategies to prevent suicide and emphasized the US Air Force as a model of suicide prevention in a 'community'. The above discussion on examples of successful strategies to reduce suicide rates may serve to illustrate the same point.
Although the present analyses suggest that such a strategy may at best have only a very small impact on suicide rates, chains of care may still have beneficial effects for individuals in the target group, for instance in terms of lowered risk of repeated intentional self-harm (Dieserud et al, 2000) . Hence, the goal of suicide prevention strategies may not only be limited to reduce the suicide rate in a population, but also include prevention of intentional self-harm, and improvement of quality of life in high risk groups. From this point of view high risk strategies such as chains of care may well be effective and recommendable from a public health point of view.
A broader empirical evidence of effectiveness and efficacy of chains of care is, however, warranted. Although we cannot -as we have shown in the present study -expect any significant impact of chain of care on suicides at the aggregate level, there may well be beneficial effects at the individual level and for other outcome measures such as repetition of intentional self harm and quality of life. Thus, future studies addressing possible effectiveness of chains of care could be undertaken by prospective follow-up studies of intentional self harm patients admitted to hospitals with and without a chain of care structure and compare incidence rates of re-admissions for intentional self harm during a follow-up period. Correspondingly, a possible impact of chain of care on quality of life measures could be assessed by interviews of patients who have and have not been exposed to chain of care during a follow-up period after hospital admission. A thorough assessment of the content and the continuity of the chain of care structure would be of utter importance in such studies.
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